A decision analysis model for elective neck dissection in patients with cT1-2 cN0 oral squamous cell carcinoma Proposta di un modello analitico-decisionale per lo svuotamento laterocervicale nei pazienti affetti da carcinoma squamocellulare del cavo orale cT1-2 cN0 H.F. KÖHLER, L.P. KOWALSKI Department of Head and Neck Surgery and Otolaryngology, AC Camargo Cancer Center, São Paulo, Brazil SUMMARY Neck metastasis from oral squamous cell carcinoma (OSCC) has a significant impact on disease-specific and overall survival. Physical examination and imaging exams are used to stage the neck, but preoperative neck staging cannot reliably differentiate between metastatic and non-metastatic nodes. The decision to perform elective neck dissection (END) should consider the probability of neck metastasis and the harm of unnecessary surgery. We evaluate if this model can be used to decide treatment and the net benefit with different strategies. We reviewed patients treated from January, 1985 to December, 2012. Inclusion criteria were histological diagnosis of OSCC, initial surgery and primary tumour in the oral cavity staged as cT1-2 cN0. Development of a predictive model for metastatic nodes used patients submitted to END. The probability of neck metastasis was calculated and decision curve analysis was performed. We considered two interventions: watchful waiting and END, and two outcomes, regional recurrence and disease-free survival. We developed the model using logistic regression after multiple inputs with neck metastasis as an outcome. The initial model included all demographic and pathological variables. This model has an area under the curve (AUC) of 0.8423, a positive predictive value (PPV) of 70.7% and a negative predictive value (NPV) of 80.2%. We used LASSO for coefficient reduction and variable selection. This model has an AUC of 0.8265 with PPV of 68.3% and NPV of 80.2%. For neck recurrence, the curves of "treat all by watchful waiting" and "treat none by watchful waiting" crossed at the prevalence of neck metastasis. When focusing on disease-free survival, the decision analysis curve shows a pattern where the predictive model provides a net benefit if used to choose treatment from a 20% until a 54% threshold. AUC di 0,8423, un PPV del 70,7% e un NPV dell'80,2%. Abbiamo usato LASSO per 
Introduction
Neck metastasis from oral squamous cell carcinoma (OSCC) is a major prognostic variable with a significant impact in disease-specific and overall survival, and the presence is considered as an indication for adjuvant treatment 1 . In patients with OSCC, physical examination and imaging exams are used to stage the neck, but all have limitations since they rely on morphological characteristics of the lymph node to differentiate free and metastatic nodes 2 . In a recent report, neck metastases were found in 44 % of patients staged as cN0 following physical examination and CT-scan 3 . This is a reflection of two limitations of imaging methods that must be considered. The first is the usual trade-off between specificity and sensitivity. More stringent criteria increase sensitivity on the expense of specificity and the converse is also true. The second limitation reflects that while sensitivity and specificity are an intrinsic property of the method, predictive values are not. The use of even high sensitivity and specificity methods in low prevalence settings may decrease its diagnostic value 4 . Therefore, preoperative neck staging is limited and cannot reliably differentiate between metastatic and non-metastatic nodes. While there is a general consensus that patients with cT3 and cT4 cN0 primary OSCC or clinically-evident node metastasis should have their necks treated, no consensus exists on patients with early-stage OSCC and negative necks. In an article reviewing the neck treatment options of American otolaryngologists, a significant variation in the performance of END was shown according to physician's volume, and a significant percentage (10%) would adopt watchful waiting in all situations 5 . A similar trend was found in Germany where no uniform treatment choice of the neck was found for primary tumours of multiple head and neck sites, including those of the oral tongue and floor of mouth 6 . The lack of uniformity in treatment choice may reflect the lack of consistent evidence favouring END over watchful waiting in the literature. Five prospective randomised trials have been performed to address this issue, but all suffer from small sample size and the reported results are contradictory. Three showed no clear benefit of END in disease-specific survival [7] [8] [9] , but the remaining two showed significant improvement for patients submitted to END 10 11 . A recent and growing trend is the use of sentinel node biopsy, but trials have compared their results to END and not to watchful waiting 12 .
In an attempt to address this question, two decision analysis models were designed. The first was published by Weiss et al. and based on several assumptions using data from the literature then available. He considered the utility of treatment as a variable ranging from 0 to 1 and considered the incidence of occult neck metastasis, treatment complications and disease-specific survival 13 . The second is more recent and utilises the same methodology, using both values derived from the first and from the authors' own experience 14 . A significant drawback of both publications is that although they state a threshold for occult neck metastasis, neither states how this probability is calculated. Therefore, they rely mainly on theoretical assumptions based on "what if" scenarios. Also, all trials and models were performed before the incorporation of depth of invasion in the staging system for OSCC 15 . To decide whether an END should be performed, we must consider the probability of neck metastasis for a given individual. If this probability is high enough, treatment should be administered, while, otherwise, no treatment should be instituted. However, it must also be remembered that harm may be caused to an individual who receives treatment without the disease. Our objective in this study is to evaluate if this model can be used to decide the need for END and the net benefit with different neck treatment strategies. We chose to adopt a different modelling strategy, relying on a decision curve analysis instead of a decision tree. A major advantage is the capability of the clinical curve to translate predictive models into clinically useful information 16 .
Materials and methods
We retrospectively reviewed 207 patients treated in a single institution from January 1985 to December 2012. Inclusion criteria were histological diagnosis of squamous cell carcinoma, initial treatment by surgery (with or without elective neck dissection), primary tumour located in the oral tongue, inferior gingival rim or floor of mouth and staged as cT1 or cT2 and neck staged as cN0 after physical and radiological examinations. In all patients, radiological examination consisted of CT scan or MRI. We excluded patients with previous treatment or excisional biopsy of the primary tumour or cervical lymph nodes, second primary tumours and neck staging by physical examination alone. Data was collected using a standard form concerning demographic, clinical and treatment-related variables. The neck dissection specimen was analysed by the pathologist and each lymph node was submitted to histologic examination after standard tissue processing with 5 micrometre sections and haematoxylin and eosin staining. Based on data from clinical charts and pathologic reports, tumour staging was updated to the current standard 15 . Statistical analysis was performed using the Stata software package. We described continuous variables using mean and standard deviation (SD) and categorical variables using frequencies. We compared the proportion of patients with metastatic nodes considering the different categorical variables. For tumour thickness and size, a ttest was used. All tests were considered bicaudal. Missing values were filled in using multiple imputation by chained equations (MICE) with ten repetitions. Multiple imputation (MI) replaces missing values with multiple sites to complete the data, applying the standard statistical analysis for each dataset and adjusting the parameters for missing data uncertainty. By including only subjects with complete data at a given analysis, there is an increased potential for bias introduction and a loss of precision and power. The outcome of interest, age, sex, cT stage and adjuvant radiotherapy were included in the imputation procedure. We further validated the MI by comparing the results with and without this procedure 17 . The development of a predictive model for metastatic nodes used only those patients submitted to synchronous neck dissection. Neck staging was treated as a binary variable (non-metastatic versus metastatic). Logistic regression was used to generate a linear predictor. A LASSO algorithm 18 was used for coefficient shrinkage and variable selection. For both models, a receiver operating characteristic (ROC) curve was drawn, the area under the curve (AUC) calculated and classification statistics obtained. The ROC curve plots the sensitivity against the false-positive rate and allows visualisation of test performance. Based on this score, we calculated the probability of occult neck metastasis and developed a decision curve analysis 16 . We considered two different interventions: watchful waiting and END, and two different outcomes, regional recurrence and disease-free survival. This study was approved by the Internal Committee on Research Ethics.
Results
For the predictive model of occult neck metastasis, we included 207 consecutive patients. There were 164 males (79.2%) and 43 females (20.8%). Age ranged from 21 to 87 years (mean 57.4 years, and SD, 12.5 years). There were 164 patients (79.2%) staged as T1 and 43 patients (20.8%) staged as cT2. Ipsilateral neck dissection was performed in all patients with 103 cases (49.8%) of selective neck dissection (levels I-III) and 104 cases (50.2%) of modified radical neck dissection. Contralateral neck dissection was performed in 22 patients (10.63%) with 2 cases (9.1%) of modified radical neck dissection and 20 cases (90.9%) of selective neck dissection (levels I-III). The indication for contralateral neck dissection was a primary tumour crossing or located in the midline. Vascular invasion was present in 56 patients (27.05%) and neural infiltration in 66 patients (31.88 %). 126 patients had well differentiated tumours, 65 patients (31.40%) had moderately differentiated tumours and 13 had poorly differentiated tumours (6.28%). There were 150 patients (72.5%) with negative necks (pN0) and 57 patients (27.5%) with metastatic nodes (pN+). The number of dissected nodes ranged from 6 to 116 in the ipsilateral neck (median, 36 nodes) and from 4 to 44 in the contralateral neck (median, 26 lymph nodes). The number of metastatic nodes in the ipsilateral neck ranged from 0 to 7 and in the contralateral neck from 0 to 2. We developed the model using a logistic regression before and after multiple imputation with the presence of neck metastasis as outcome of interest. The initial model included all demographic and pathological variables. A significant difference in the effect of tumour thickness was noted in different tumour sizes and an interaction term of both variables was included. This model has an AUC of 0.8423, a positive predictive value (PPV) of 70.73% and a negative predictive value of 80.22%, classifying correctly 77.27% of all patients. We performed a bootstrap with 2,000 replications to assess the model optimism and determined new coefficients and intercept with an AUC of 0.8328. Finally, we used LAS-SO to perform coefficient reduction and variable selection. This model has an AUC of 0.8265 with PPV of 68.29% and NPV of 80.18%, correctly classifying 76.97% of patients when applied at the original series (Fig. 1) . The coefficients and constant for each model are displayed in Table I . The decision analysis was based on 318 consecutive patients with cT1-2 cN0 OSCC. There were 235 males (73.9%) and 83 females (26.1%). Age ranged from 21 to 85 years (mean 58.5 years and SD, 12.6 years). There were 131 patients staged as cT1 (41.2%) and 187 patients as cT2 (58.8%). The primary tumour was resected in all patients; 111 patients (34.9%) were treated by watchful waiting while 207 patients (65.1%) were submitted to elective neck dissection. In patients submitted to END, the number of dissected nodes ranged from 6 to 116. Occult neck metastases were found in 57 patients with the number of metastatic nodes ranging from 1 to 7. Pathological neck staging was pN0 in 150 patients (72.5%), pN1 in 31 patients (15.0%), pN2b in 23 patients and pN2c in 3 patients. Extracapsular spread was diagnosed in 12 patients submitted to END. The demographic and pathological characteristics are described in Table II . The median time of follow-up was 54.4 months (range, 8.1 to 156.3 months). There were 43 cases (13.5%) of neck recurrence during follow-up, but in nine patients these were associated with synchronous local recurrence and in only 34 cases (10.7%) the neck was the single recurrence site. Nineteen isolated neck recurrences occurred in patients submitted to watchful waiting and 15 cases in patients treated by END. In univariate survival analysis using neck recurrence as outcome of interest, only END was associated with an improved regional control (HR: 0.444, 95% CI: 0.225 -0.875, p = 0.019, Fig. 2 ). Salvage was successful in 12 of 19 patients in the watchful waiting group and in 5 of 15 patients in the END group. There were 17 deaths due to disease progression in patients with isolated neck recurrence; 10 in the END group and 7 in the watchful waiting group. Elective neck treatment was associated with disease-specific survival (HR: 1.635, 95% CI: 0.927 -2.884, p = 0.089, Fig. 3) . The decision curve model allows for definition of outcome and harm associated with the procedure. Neck recurrences and disease-free survival were the outcomes of interest in our analysis. In our series, there were 5 cases (2.4%) of salivary fistula and 2 cases (1.0%) of lymphatic fistula after END. On a report analysing morbidity after END, the complication rate was 4% corresponding to two lymphatic fistulas and subjective analysis of body movement by the patients disclosed no restrictions in 96.2% of them 19 . Based on these data, we set the harm of END at 4.0%. For neck recurrence, the curves of "treat all by watchful waiting" and "treat none by watchful waiting" as well as the model crossed at the prevalence of neck metastasis (Fig. 4) . In this situation, a very low threshold for neck dissection is advocated, with a net benefit approaching zero at a threshold of 20%. When we focused on disease-free survival, the decision analysis curve shows a pattern where "treat all by watchful waiting" and "treat none by watchful waiting" cross at the prevalence of neck metastasis but the predictive model provides a net benefit if used to choose treatment from a 20% until a 54% threshold (Fig. 5) . Below the 20% threshold, the treat all by observation is the most adequate, while above 54% the END is beneficial. The net benefit of the model is seen in Table III . The table can be interpreted using an example. If we chose a threshold of 30% and acted according to prediction, we could spare END in 3.8 patients from each 100 treated patients without leaving a true positive patient untreated. We must remember that the use of predictors in decision curve are related to their diagnostic properties. Therefore, a sensitive predictor is better than a more specific predictor if the hazard associated with a false-negative result is greater than the hazard of a false-positive result, as is in this situation.
Discussion
The objective of OSCC treatment is to maximise survival while decreasing morbidity. One way to accomplish this is to define risk groups and adopt different treatment strategies for each group. This would allow for more personalised care while retaining oncologic safety and improving survival and quality of life. Nowadays, evidence-based medicine is regarded as best practice, but in some cases its usefulness is limited. In the analysis of END for cT1-2 cN0 OSCC, we found just such a situation. The results of the five prospective randomised trials are contradictory [7] [8] [9] [10] [11] . We must also consider that in the three of these routine preoperative evaluation was performed by physical examination alone, which has limitations in the diagnosis of neck metastasis 9 . In the current setting, routine use of imaging methods is considered mandatory, but they have a limited ability to detect neck metastasis. In a prospective study with 166 OSCC patients using PET, CT scan, MRI and USG, no method had an accuracy over 76%. PET had the best specificity at 82%, while US had the best sensitivity at 84% 20 . In a recent meta-analysis including only patients with clinically negative necks, CT scan, MRI, USG and PET were compared. The sensibility ranged from 52% to CT scan to 66% to MRI and US, while the specificity ranged from 7 % to US to 93% to CT scan. The Quality Assessment of Diagnostic Accuracy Studies were not different between the different modalities 21 . An imaging method that holds promise is contrast-enhanced colour Doppler sonography. In a series of 39 patients, peripheral vessels were indicative of metastasis with a sensitivity of 100% and specificity of 98% 22 . When trying to quantify the abnormal findings by this method, difficulties were found due to a significant overlap of benign and malignant features in a small series of 28 patients 23 . These conflicting results are related to a major issue raised by sonographic images: the high dependence on the operator. However, the results shown in the initial series hold promise to this technique. The previously described decision analysis models were based on theoretical assumptions derived from two different moments in the literature. The report by Weiss et al. 13 relies on information collected from articles during the 80's and early 90's, while the one from Okura et al.
14 relies on publications from the 2000's. This difference may explain their different thresholds. However, the incidence of neck metastasis as a significant variable for deciding on END finds support in the literature. END provided a significant survival advantage over observation in a recent report analysing the impact of perineural invasion (PNI) in prognosis. In this series, PNI was also highly significant for occult neck metastasis 24 . Conversely, in patients with early stage OSCC and no risk factors, END and observation have comparable results regarding both disease-specific survival and regional control 25 . In disagreement with the threshold proposed by Weiss et al., a retrospective analysis of a cohort of patients with stage I OSCC showed no significant difference in survival and regional control between END and observation although their occult metastasis rate was 23.7% 26 . A similar finding was reported recently in a study of cT1 cN0 OSCC with an occult neck metastasis rate of 23%, but no difference between END and observation in regional disease control 27 . In a recent meta-analysis of 23 articles comparing END and observation, initial approach with END resulted in improved regional recurrence rate and disease-specific survival but not overall survival 28 . A major limitation of all these reports is the use of staging systems that predate the inclusion of tumour depth. In this series, we retrospectively reviewed clinical and radiological data to update primary tumour to the current standard. Our results are in accordance with these previous results since the score we used on the decision analysis is based on the risk of occult neck metastasis. Our occult metastasis rate is 27.5%, but no significant difference was seen in disease-specific survival.
Conclusions
The use of a predictive score to decide on elective neck dissection is reliable. It is a step towards more personalised medicine in which treatment is tailored to suit the patient and not personal preferences or "one size fits all" solutions.
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